A statistical model of the spectral profile of the human electrocorticogram (ECoG) is proposed. The model synthesizes several previous observations and conjectures regarding ECoG structure. The model extends to the transition to certain epileptic behaviours, as well as sleep-wake changes.
h i g h l i g h t s
A statistical model of the spectral profile of the human electrocorticogram (ECoG) is proposed. The model synthesizes several previous observations and conjectures regarding ECoG structure. The model extends to the transition to certain epileptic behaviours, as well as sleep-wake changes.
a b s t r a c t
Objective: Extracellular field potentials (ECFs) generated in the cerebral cortex span a vast range of spatiotemporal scales. The process(es) leading to this large dynamic range remain debatable. Here we propose a novel statistical description of the amplitude spectrum of the human electrocorticogram (ECoG). Methods: Spectral analysis was performed on long-term recordings from epilepsy patients undergoing pre-surgical evaluation with intracranial electrodes. Amplitude spectra were fit with a multicomponent Gaussian model on semi-logarithmic axes. Results: The Gaussian formulation provided excellent fits to the data. It also suggested how the changes accompanying the sleep-wake cycle and certain epileptiform transitions could be understood by variation in the parameters of the model. Conclusions: The proposed continuum model synthesizes several previous observations regarding the statistical structure of the resting human ECoG. It offers a conceptual platform for understanding the EEG changes accompanying the sleep-wake cycle and pathologically hypersynchronous behaviour. Significance: Statistical characterisation of the spectral distribution of field potentials yield insight into the cortico-cortical interactions that underlie the summated cortical ECFs comprising the ECoG. Such insight is relevant for a synoptic understanding of major state changes in the brain that are diagnosed in clinical practice by visual inspection of the ECoG. Ó 2016 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
The electroencephalography (EEG) of Caton (1875) and Berger (1929) perhaps constitutes the earliest investigative window on the living brain of continuing importance today. For neurologists, EEG remains crucial to the diagnosis and management of epilepsy and sleep disorders; for neurobiologists, EEG offers insight into brain function at multiple tiers of neural organisation. The term 'EEG' conventionally denotes the macroscopic scalp recording of time-dependent voltage fluctuations arising from summated electrotonic activity from cortical surfaces of areas %6-10 cm 2 or more (Cooper et al., 1965; Tao et al., 2005) ; electrocorticography ('ECoG') refers to recordings directly from the cortical surface or intracerebrally at much greater spatial resolution (Kahane and Dubeau, 2014) . To the naked eye, the EEG or ECoG appears as a dynamic, mixed-frequency rhythm, whose power spectrum exhibits maxima at the well-known Berger frequencies -delta (1-4 Hz), theta (4-8 Hz), alpha (8-12 Hz), beta (12-25 Hz), etc. (Chang et al., 2011) . These spectral peaks, or modes, exist within a monotonic decreasing continuum of 'arrhythmic activity' (He et al., 2010 ) that spans at least five orders of magnitude (Buzsaki and Draguhn, 2004 
